Azzeddine Djaiz, Tayeb Denidni, Halim Boutayeb. Reduced-size microstrip four-pole bandpass filter using two-layer structure with quarter-wavelength resonators and open stub inverters. Microwave Abstract -A new miniature microstrip four-pole bandpass filter using a two-layer structure with quarter-wavelength resonators and open stub inverters is proposed. The coupling between the resonators in the two layers is achieved via a slot etched on a common ground plane located between the layers. The open stub inverters are used in order to increase the selectivity of the filter and to avoid connection to ground plane that is generally required with quarter-wavelength resonators of bandpass filter. A four-pole bandpass filter with elliptic-type performance is designed and tested at 2.45 GHz.
Introduction
In wireless communication systems, bandpass filters with small size, low insertion loss and high selectivity in the pass-band are required. For designing compact microstrip filters, several structures have been proposed such as the hairpin resonator, the hairpin-comb resonator or the square open loop resonator [1] [2] [3] . However, the proposed filters are generally too large to be used for wireless handset communication systems, where engineers are always looking for smaller microwave components.
A method to reduce the size of these filters consists on using multilayered structures. In [4] [5] [6] , multilayered bandpass filters, based on resonators with different geometries (square-loop, hairpin or stepped impedance resonators), have been proposed.
Another way for size reduction has been proposed in [7] . This technique uses an open stub inverter between quarter-wavelength resonators, which results in compact design as well as low
loss. The open stub inverters allow also increasing the filter selectivity and avoiding the shorting to ground that is generally required with quarter-wavelength resonators of bandpass filters.
This letter presents a new two-layer microstrip four-pole bandpass filter that uses quarter-
wavelength resonators with open stub inverters. The two-layer configuration allows reducing the size of a conventional single layer microstrip filter by 50 % without increasing the insertion loss.
The remainder of this paper is organized as follows. In Section II, the design technique for the quarter-wavelength resonators with open stub inverters in multilayer topology is presented. To validate the proposed approach and scheme, experimental results for a filter of elliptic-type performance and operating at 2.45 GHz are presented in Section III. Finally, concluding remarks are given in Section IV.
Filter Design
In this section, we present the different elements that constitute the four-pole bandpass filter.
The proposed filter is composed of two two-pole filters. These two-pole filters consist of two quarter-wavelength resonators and a tapped open stub. Figure 1 shows the layout of the two-pole filter and its equivalent circuit. controlling the notch frequency in the stop-band [7] . When the characteristic impedance Z 2 of the stub increases, the attenuation pole is located closer to the pass-band edge. Figure 2 shows the complete proposed four-pole filter structure and the different parameters that were optimized. This structure consists of two two-pole filters etched on two different layers and of a common ground plane, where a slot is introduced to ensure the coupling between the two parts of the structure. c 1 and c 2 denote the lengths of the stubs in the upper and lower layers, respectively. g is the coupling gap size and dx and dy are the dimensions of the slot. w 1 , w 2 and w 3 are the line widths or the J-inverters, the resonators, and the stubs, respectively, whereas a, b 1 , and b 2 denote the line sections lengths of the resonators as shown in Fig. 2 .
One can note that the proposed structure allows a reduction by 50 % compared to the four-pole bandpass filter configuration proposed in [7] .
Experimental results
To validate our approach, a bandpass filter was designed and fabricated to operate at 2.45 GHz. Figure 4 shows the measured and simulated S-parameters of the filter. From these curves, it can be observed that a good agreement is achieved between theoretical and experimental results. The measured insertion loss within the pass-band is about 1.05 dB, which is higher than the simulated one (0.05 dB). This is due to the losses in the SMA connectors, the dielectric, and the conductor that were not taken into account in simulations. However, the measured insertion loss is still low.
Within the pass-band, the reflection coefficient is less than -12.5 dB, and the filter presents a high 3 selectivity. A fractional bandwidth of 3.279 % around 2.45 GHz is achieved. With such features, the proposed miniaturized filter is suitable for wireless communication systems.
Conclusion
A new miniaturized four-pole bandpass filter using a two-layer structure with microstrip quarterwavelength resonators and open stub inverters has been presented. In the proposed design, the coupling between resonators in the two layers is achieved through an aperture etched in a common ground. Based on this architecture, the filter has a size reduced by 50 % compared to conventional single layer microstrip filters. Furthermore, the proposed design technique is simple. Experimental results for a bandpass filter operating at 2.45 GHz have been presented. The obtained results have shown good performances in terms of low insertion loss and high selectivity in the pass-band, which is suitable for wireless handset communication systems.
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